Neurophysiological Aspects of Cerebral Ischmmia By G. PAMPIGLIONE London MY investigations have been carried out on children during and after sudden, severe, alterations of cerebral blood flow. Sometimes the circulatory alterations occurred spontaneously, as in patients with cardiac arrest, while on other occasions the interference with the cerebral circulation was deliberately induced during some operations on the heart and main vessels.
In order to simplify the number of possible variables I shall consider the encephalon as if it were a single organ and the blood supply as if it were fairly uniform in various regions of the brain. The brain appears to withstand considerable transitory diminutions in oxygen supply and in arterial pressure without apparent alteration of function. The individual variations are great but there seems to be some critical level below which the cerebral circulation becomes "inadequate".
The "inadequacy" is judged by our ability to recognize that some alteration in cerebral function has taken place. Minor clinical changes are easy to detect in a conscious and co-operative patient but are difficult to appreciate when the patient is anisthetized or comatose. The study of the electrical activity of the brain may offer considerable help where other aspects of neurological examination are inapplicable.
Our knowledge of cerebral electrogenesis is still extremely limited but empirically it has been possible to correlate some alteration in the electrical activity of the brain with alterations of cerebral function and often with anatomically demonstrable lesions.
The rapidity, degree, and duration of the alterations in cerebral blood flow appear to determine to a large extent the severity of the clinical and EEG phenomena that might follow, as well as their reversibility.
Clinically it is very difficult to predict whether a given patient after a severe episode of cerebral ischemia lasting a few minutes is going to recover completely in the next few days or whether some permanent cerebral damage has occurred. The present practice of cooling a patient after a cardiac arrest to diminish the severity of the cerebral damage does not facilitate the immediate clinical evaluation of the problem. Moreover the improvements in nursing and anmsthetic techniques coupled with a widespread knowledge of the miraculous effects of cardiac massage are likely to keep alive an increasing number of patients with irreversible cerebral lesions.
It is my hope that EEG studies in patients during and after episodes of cerebral ischemia may indicate some method, however crude, that might help in an early evaluation of the severity of the cerebral damage.
I shall not enter into technical details but I must emphasize that the use of only one or two EEG channels is likely to offer misleading data. Simultaneous information from a minimum of four or five different regions of the brain appears necessary if any sense is to be made out of a method of investigation which is still in its adolescence.
In Fig. 1 varying degrees of diminution of cardiac output are considered in relation to secondary alterations in cerebral function as measured by EEG. Full recovery may occur after severe, short-lived, cerebral ischemia but when stage E persists for some hours, an irreversible cerebral lesion has occurred. Although the flattening of the EEG has no definite prognostic significance in the first few minutes following cardiac arrest, when a complete absence of activity in the EEG persists for several hours at a temperature above 30°C no chance of survival appears likely. The brain is dead even if the heart continues to beat.
The duration of cerebral isch emia is grossly proportional to the severity and duration of the residual clinical and EEG abnormality. There is no rigid scheme, however, for prognosis in the first hour or so after an ischoemic episode with the exception that a rapid and full recovery of the electrical activity of the brain is an indication 13 329
Proceedings of the Royal Society of Medicine that the brain has not suffered any irreversible some patients became more cyanotic than lesion. others. Although the arterial supply to the brain is generally considered to be of primary importance, some observations have been made during deliberate occlusion of the venous flow from the brain.
During operations on the heart and main vessels the venous return from the brain is often disturbed. When the superior vena cava had been deliberately occluded for a short period, marked EEG changes often followed. Clinically all the patients became congested and cyanosed in the face and often there was an increase in the size of their pupils. It was difficult, however, to understand why the EEG changes should differ considerably from one patient to another even if When the pressure was recorded in the superior vena cava during deliberate occlusions lasting just over half a minute, it was noticed that in some patients the venous pressure increased much more than in others. When the increase in pressure was slow and not very marked the EEG changes were completely absent. In these cases it was found that either abnormal venous channels or a large azygos vein was present high above the clamp allowing a considerable leak out of the superior vena cava system. When, instead, the increase in pressure in the superior vena cava was considerable (perhaps approximating the arterial pressure) the EEG change was definite, occurring in less than half a minute. The EEG change, probably reflecting some alteration in cerebral function, was rapidly reversible after re-establishment of the venous circulation (Fig.  2) . The appearance of slow activity in the EEG within half a minute after venous obstruction was not due to a diminution in the amount of blood reaching the heart and later the brain. In fact the occlusion of the inferior vena cava alone without occlusion of the superior vena cava did not induce any EEG changes. And a short-lived or a partial occlusion of the superior vena cava alone was never followed by definite EEG changes. There was no clear difference, either at normal temperature or moderate hypothermia in the delay with which the slow activity appeared in the EEG after superior vena cava obstruction in the same patient. It seems therefore probable that a venous congestion of the brain may be followed by EEG changes when the increased venous pressure prevents an adequate cerebral circulation.
When the inferior as well as the superior vena cava was occluded, in addition to the venous congestion there was also a lack of supply of fresh blood to the brain. In these cases the EEG after a preliminary increase in slow waves became quite flat. Soon, however, muscle action potentials appeared both from the scalp and from the muscles of the shoulders. On occasions it was possible to notice even clinically that a tonic spasm of the muscles of the head and neck had occurred, sometimes involving even the arms in spite of the curarization, while the patient's pupils became widely dilated. Later the patient might slowly relax while the EEG remained completely flat during the period of cerebral ischemia (Fig.  3) .
After re-establishment of the circulation the patient may remain fully relaxed and, in a few minutes, the dilated pupils become smaller. In the EEG large runs of very slow waves separated by intervals of relative silence are often seen similar to those recorded after a prolonged spontaneous or electrically induced seizure. The flattening of the EEG following obstruction of the cerebral blood flow always outlasted the time of occlusion of the vessels. On occasions the record, in spite of cardiac massage, may remain completely flat for over half an hour before recovery. Sometimes, in the absence of any heart beat and of any respiratory effort with an apparently absent electrical activity from both brain and heart, it was difficult to decide whether the patient should be considered still alive. As yet there are no reliable EEG criteria for encouraging the surgeons or the anlesthetists to continue in their resuscitation efforts or to abandon them in the first hour or so after an ischamic episode. In fact some of the patients who during cardiac massage seemed to be dead for over half an hour, recovered completely with full intellectual, motor and sensory function by the next day, when the EEG pattern improved very rapidly. When, however, the disappearance of activity from the EEG persisted for some hours none of the patients recovered. Following the occlusion of-the superior vena cava and also of the inferior vena cava the EEG becomes flat. Soon muscle action potentials appeared, particularly from the left temporalis during the short-lived spasm. The period of ."congestive cerebral ischmmia" lasted only four minutes at a temperature of about 30°C and full recovery took place in less than 15 minutes. I have avoided the use of the word anoxia in of my colleagues, particularly Mr. David this paper as I-do not know whether the oxygen Waterston. available to the brain is the only important factor,< Tefloigppeswr lora in te eoluionof he penoenadesribd.
The Development of Acid-base Control'inI the
